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ABSTRACT

In this paper, the dynamic behavior of mass-spring-damper system has been studied by mathematical equations.
Based on Newtonian mechanics, the mathematical model for a single mass-damper system is established. The
transfer function of this model specifies the behavior of the component. The results of this analytical model are

used as validation for the Simscape model.
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I. INTRODUCTION

Simscape Multi-body, a simulation tool of
MATLAB software, has been used to model and
study the behavior of dynamic systems, using
predefined blocks. It has provisions to interface with
Simulink and therefore enables direct integration
with mechanical and electronic systems, thereby
representing an integrated coupled multi-physical
domain ™. In the present work, the physical model
of the coupled spring-mass system with damper and
1 DOF is designed in Simscape Multi-body and
validated with MATLAB.

The dynamic testing of the model using the
spring stiffness and damping coefficient can be
effectively performed in Simscape environment in
Simulink. For this simulation, the geometry of a
block is defined as shown in Fig.1.
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Fig. 1:- Geometry of the block
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Il. REPRESENTATION OF SYSTEM

The physical model of the spring-mass
system with damper and its Simscape block
representation has been shown in Fig.2®. The
properties of the solid are specified in the solid
block. Relative motion between the bodies may be
specified by using joint block. In this model, the
relative translational motion is defined by a
prismatic joint (shown in Fig.2). The coefficient of
stiffness and damping properties has been specified
in the prismatic joint. The world frame block is the
fixed frame of reference for the model in global
coordinates. The solver configuration block gives
access to special settings in Simscape environment
which is very convenient for physical modeling.
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Fig. 2: - Simscape model of the single-mass system

I.  MATHEMATICAL MODEL FORMULATION

The spring-mass responses, obtained from
the Simscape model, have been validated with an
equivalent mathematical model. The spring-mass has
1 translational degree of freedom.
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Consider the mechanical system as shown in

Fig.3. Due to the applied force F, the solid
body will displace by an amount x in the direction of
the applied force.

N\

Fig.3 :- Mechanical system for single mass-spring
and damper system

According, to Newton's Law of motion the
applied force will cause displacement in spring,
acceleration of the mass of body against the
frictional force®®.

The generalized equation for the system can be
formulated as follows,
a2

F=mi5+ bo+ kx .
Where, F = Force

m= mass of system

b= Damping coefficient

k= spring coefficient

x= displacement

The above equation can be solved
mathematically by using transfer function. The
transfer function is the mathematical function giving
the corresponding output value for each value
possible value of the input to the system . The
results are represented as characteristic transfer
curve.

In the given system, force (F) is the input to
the system and displacement (x) is the output.
The Laplace form of the above equation is,

F(s) = [ms?x(s) + Csx(s) + kx(s)] ... (2)
F(s) = [ms? + Cs + kx]x(s) ... (3)
) e e @
F(s) ms2+Cs+k

This transfer function is solved in MATLAB.
The solution of above equation can be obtained by
Rung-Kutta method as follows,
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Equation (1) can be written as;
mi+ Cx+kx=F .. (5)
Let X=v ... (6)

So the above equation (5) reduces to,
. F c k
v =) G)v- () - )

We can see that second order differential
equation has been reduced to first order differential
equations.

For our convenience, put

x=y(1);

Xx=v=y(2);

Equation (6) and (7) then reduce to

y(1) =y(2);

@ =[(7) =)@ - () yw]-e

MATLAB code of the above equation is
written and a graph of displacement Vs time and
velocity Vs time are drawn analytically as shown in
Fig.4 and Fig. 5

The parameters used for solving this
function and for simulation purpose are as follows:

Table 1: Parameters For Block
Parameter Value
Mass of solid  (m) 1.0 kg
Spring constant (k) 100 N/m
Damping coeff. (C) 0.15 N/(m/s)
Force applied (F) 100 N

I1. RESULTS AND DISCUSSION
The position and velocity of the spring-
damper system are generated by solving the
developed transfer function using MATLAB" The
displacement graph is shown in Fig 4 while the
velocity graph is shown in Fig 5.
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Fig 4:- Displacement vs Time

Velocity Vs. Time

Welocity

Fig 5:- Velocity vs Time

Similarly, the Simscape model results for
position and velocity are shown in Fig 6. The result
obtained using the analytical method from
MATLAB and physical modeling in Simscape
environment is compared.

Fig.6:- Position and velocity plot for simscape

For the given parameters of the system, the
position vs. time response in Simscape gives the
maximum value of displacement equal to 1.973 m
while the analytical model in MATLAB gives the
maximum value equal to 1.961 m. Similarly, the
maximum velocity as per Simscape model is found
to be 9.875 m/s while according to the analytical

method it is 9.761 m/s. The table below compares
the results for maximum velocity and displacement.
TABLE 2:- Comparison of Simscape and analytical

model
Parameter Simscape Analytical
Displacement 1.973m 1.961m
Velocity 9.875 m/s 9.761 m/s
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The percentage change in maximum
displacement is 0.6 % and that of maximum velocity
is 1.17 % with respect to the analytical model.
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Fig 7:- Simscape and MATLAB results for
displacement vs time
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Fig. 8:- Comparison of simscape and MATLAB
results for velocity vs time

The values from Simscape and MATLAB
were plotted for various instants of time (t=5s,
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t=10s, t=15s) and the resultant deviation was
observed from Fig 7 and Fig 8.

Thus, we see that the deviation of Simulink
model from analytical solution increases with a
higher order of differential. Simscape and analytical
model both use the solver ode45 for solving the
differential equation for the spring-mass-damper
system. The observed difference is due to the
automatic variable step size setting used in the
Simscape environment.

V. CONCLUSION

A single mass system, with one degree of
freedom, has been developed in Simscape and
validated  successfully  with an equivalent
mathematical model, using transfer function in
MATLAB. The developed Simscape model can be
used further for dynamic and control related studies
of spring mass damper systems. Thus, it is shown
that behavior of physical multi-body systems can be
effectively studied in Simscape environment without
the need for developing complex mathematical
equations.
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